The taxonomic position of Gordona sp. strain DSM 44015T, isolated from the packing material of a biofilter used for biological odor abatement of animal rendering emissions, has been clarified by a polyphasic study comprising chemotaxonomic, sequencing, and phenotypic results. The strain possesses a wall chemotype IV, MK-9 (H2), as the predominant menaquinone; relatively long-chain mycolic acids (54 to 62 carbon atoms); and straight-chain, saturated, and monounsaturated fatty acids with considerable amounts of tuberculostearic acid. The polar lipids include phosphatidylethanolamine, and the G+C content of the DNA is 69 mol%. Similarity values for genes encoding 16s rRNA indicate that Gordopla sp. strain DSM 44015T represents a new species within the genus Gordopla for which the name Gordona hydrophobica is proposed.
Actinomycetes containing mycolic acids have many common cell wall characteristics and form a suprageneric group (24, (32) (33) (34) comprising the genera Corynebacterium, Rhodococcus, Gordona, Nocardia, Mycobacteriurn, Tsukarnurella, and Dietzia (28) . Numerical taxonomic, chemical, and molecular systematic methods (8, 9) have been used to differentiate among the taxa.
Up to date, six species of the genus Gordona (33, 35) are known: Gordona bronchialis, Gordona rubropertincta, Gordona terrae (39, Gordona sputi (36, 38) , Gordona aichiensis (18, 37) , and Gordona amarue (18, 21) . The taxonomic history of the genus Gordona is confusing because of renamings of original isolates (36) and recent transfers of strains from the genus Rhodococcus or Nocardia to the genus Gordona (18) . Polyphasic taxonomic studies, including chemotaxonomic, phylogenetic, and phenotypic properties, clearly separated the species of the genus Gordona from those of other actinomycete genera Until now, Gordona species have been regarded primarily as opportunistic pathogens isolated from sputum of humans (G. bronchialis, G. aichiensis, and G. sputi) suffering from pulmonary lesions (35) (36) (37) . Compared with the number of isolates from sputum, few Gordona strains have been isolated from terrestrial or aquatic habitats where mycolic acid-containing actinomycetes are generally known to be widely distributed (9) . Only two Gordona species, G. terrae and G. rubropertincta, derive from soil (35, 36) . Another strain that has recently been affiliated with the taxon Gordona, G. amarae (18) , had been isolated from foam formed on the surface of aeration tanks in activated sludge-sewage-treatment plants (21) . Gordona strains have also been isolated from the packing material (tree bark compost) of biofilters used for the treatment of malodorous animal rendering emissions (1,2). These strains were able to use readily volatile, poorly water-soluble carbonyl compounds such as aldehydes and ketones contained in the waste gases, thus suggesting a contribution of these bacteria to the deodorization of the off-gases (1). Furthermore, these strains were found to possess extremely hydrophobic cell surfaces, P9. which has been related to the presence of unshielded longchain mycolic acids (3) . The aim of this study was to clarify the taxonomic position of one of these strains, Gordona sp. strain DSM 44015=, on the basis of further chemotaxonomic, physiological, and genetic characteristics. f, present; v, variable.
MATERIALS AND METHODS
Tuberculostearic acid also present in Cotynebacterium ammoniagenes, Cotynebacterium bovis, Corynebacterium cystitidis, Corynebacterium minutissimum, CorynePhosphatidylethanolamine also present in C. ammoniagenes, C. bovis, C. cystitidis, Cotynebacterium pseudodiphtheriticum, and C. urealyticum (15, 26) .
bacterium pilosum, Cotynebacterium urealyticum, and Cotynebacterium variabilis (15, 26) .
content of DNA was determined by high-performance liquid chromatography (HPLC) according to the method of Mesbah et al. (22) .
16s rDNA sequencing. Genomic DNA isolation and PCR-mediated amplification of the genes encoding 16s rRNA (16s rDNA) were performed as described by Rainey et al. (27) . Double-stranded PCR products were sequenced with the Taq Dye-Deoxy Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City, Calif.) according to the protocol of the manufacturer. Sequence reactions were electrophoresed with the Applied Biosystems 373A DNA Sequencer. The 16s rDNA sequences were aligned against the sequences currently available from the public databases. Evolutionary distances were calculated according to the method of Jukes and Cantor (16) . The phylogenetic dendrogram was constructed from the distance matrices by the algorithm of De Soete (6) . Nucleotide sequence accession number. The EMBL accession number for the 16s rDNA sequence of G. hydrophobica DSM 44015T is X87340.
lactose as major cell wall sugars, meso-diaminopimelic acid as the only diamino acid (variation A1 y sensu Schleifer and Kandler [30] ), and N-glycolated muramic acid moieties of peptidoglycan, thus possessing the characteristic wall chemotype IV sensu Lechevalier and Lechevalier (20) of genera containing mycolic acid. The polar lipids were composed of diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides, and phosphatidylethanolamine. MK-9 (H2) was found to be the predominant menaquinone with minor amounts of MK-8 (H2) (less than 5%). Cellular fatty acids. Analysis of simple fatty acids from whole cells exhibited a pattern of straight-chain, saturated, and monounsaturated fatty-acids with significant amounts of tuberculostearic acid (10-methyl octadecanoic acid) (1% 14:0, 2% 15:l cis 10, 4% 150, 13% 16:l cis 10, 27% 16:0, 4% 17:l cis 9, 4% 17:0, 2% 10-Me-17:0, 14% 18:l cis 9, 1% 18:0, 26% 10-Me-18:O). The mycolic acids of G. hydrophobica, as determined from trimethylsilylated derivatives by high-temperature gas
RESULTS
Cell wall analysis. The results of this study and previous chemotaxonomic analyses of G. hydrophobica are shown in Tables 1 and 2 along with the data for other related taxa (2) . The cell wall of G. hydrophobica contained arabinose and ga- ' The concentration used to determine carbon source utilization for G. amume was 0.1% (wthol) except for growth on citric acid, which was tested at 0.01% (wt/vol) (10).
fData from reference 37. R Data from references 10 and 43 and this study. FAME, fatty acid methyl esters; MAME, mycolic acid methyl esters.
Data from G. hydrophobica DSM 44015T, G. aichiensis DSM 43978T, and G. sputi DSM 43896T. Analysis of 16s rDNA. Almost the complete (>1,500 nucleotides) 16s rDNA sequence was determined for G. hydrophobica and compared with those of reference strains of mycolic acid-containing actinomycetes. The phylogenetic dendrogram in Fig. 1 shows the relationship of G. hydrophobica DSM 44015T to all species of the genus Gordona and representatives of related genera for which sequence data are available. G. hydrophobica DSM 44015T is part of a cluster composed of all valid species composing the genus Gordona, thus being clearly separated from other mycolic acid-containing genera on the basis of 16s rDNA data. Furthermore, the values for G. hydrophobica DSM 44015T of similarity to members of the genus Gordona (Table 3 ) were in the range of 96.1 to 97.9% while the similarity to other genera was less than 94.1%. G. hydrophobica DSM 440PjT showed the highest level of similarity (97.9%) to G. rubropertincta DSM 43197T.
Determination of G+C content of DNA. The G + C content of DNA of G. hydrophobica, as determined by HPLC, was 69 mol%. (Table 2) , having an overall range of 54 to 62 carbon atoms (12% C56, 11% C5,, 30% C58, 16% CS9, 26% C,,, and 5% C,, and traces of C54, C55, and C6J with a mean chain length of between 58 and 60 carbon atoms. The composition of fatty acid methyl esters released by pyrolytic cleavage of methyl mycolates was mainly 18:O (58%) and 16:O (26%), with additional amounts of 17:O (12%) and 18:l cis 9
Physiological test. The results of physiological testing of G. hydrophobica are included in Table 2 . G. hydrophobica could enzymatically hydrolyze the chromogenic substrates pNP-(4%).
-

DISCUSSION
N. artemides
During the last several years, a significant number of mycolic acid-containing actinomycetes have been isolated from the environment, biotechnological plants used for soil or groundwater remediation (4, 40, 41) , and waste gas treatment plants (7, 25, 42) and have been shown to degrade recalcitrant or readily volatile pollutants (13, 14, 29) . Such isolates need to be identified reliably. Chemotaxonomy is a powerful tool for differentiation among mycolic acid-containing bacteria and should be applied for their preliminary classification (2) .
Strains of the genus Gordona were isolated from the packing material of biofilters used for biological odor abatement of malodorous animal rendering emissions (1, 2). Further taxonomic studies performed for strain DSM 44015T clarified its position within the genus Gordona. The sequence data clearly showed that G. hydrophobica DSM 44015T belongs to the genus Gordona and, moreover, provided evidence for the exclusion of this strain from other known species of the genus. This repellent, related to hydrophobic). The species description below is based on our own data and additional information obtained from references 1, 2, and 3.
Gram-positive, non-acid-fast, regular, long rods (2 to 3 km) that are nonmotile, grow amycelially, and undergo a rod-coccus cycle. Light microscopy of colony or liquid culture growth shows cells mostly in aggregates. Growth in liquid culture is clear with a pellicle on the surface that rises up at the glass wall of a culture tube.
Tannish to white colonies are formed on various media. The colony morphology of the type strain is rough and flat with irregular margins. Upon primary isolation, colonies may also be convex with entire or undulate margins and a smooth surface. Subcultivation of a smooth colony on complex medium agar plates yields smooth as well as rough colonies, whereas a rough variant yields only rough colonies. Rough variants of G. hydrophobica have an extremely high cell surface hydrophobicity which is reduced significantly in variants forming smooth colonies.
Cleaves the pNP substrates pNP-phosphorylcholine and 2-deoxythymidine-5 ' -pNP-p hosphat e but not pNP-P-D-xY~o-side. Uses D-galactose, citric acid (Na salt), succinic acid (Na salt), propionic acid, and leucine as sole carbon source but does not use rneso-inositol, L-rhamnose, gluconic acid, adipic acid, 5-aminovaleric acid, aspartic acid, asparagine, ribose, and arabinose. Does not decompose tyrosine, adenine, and xanthine and does not produce acid from sucrose aerobically or anaerobically. Growth occurs on the readily volatile carbonyl compounds methylpropanal, 3-methylbutanal, 2-methylbutanal, butanone, 2-pentanone, and 4-methyl-2-pentanone when added as sole carbon sources into sealed agar slope cultures.
The cell wall contains meso-diaminopimelic acid as the only diamino acid, arabinose and galactose as major cell wall sugars, and N-glycolyl muramic acid moieties. The predominant isoprenolog is MK-9 (H2); minor amounts of MK-8 (H2) are also present. The polar lipids include diphosphatidylglycerol, phosphatidylethanolamine, phosphatidylinositol, and phosphatidylinositol mannosides. Contains major amounts of straight-chain, saturated, and monounsaturated fatty acids and tuberculostearic acid. Mycolic acids with 54 to 62 carbon atoms are present. Upon pyrolysis gas chromatography of mycolates, the fatty acids 16:0, 17:0, 18:0, and 18:l are released.
The G + C content of the DNA is 69 mol%. Isolated from packing material (tree bark compost) of bio-
The type strain is 1610/lb (=DSM 44015 ).
filters for deodorization of animal renderin emissions.
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